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I ntroduction

Prior to the advent of commerdially

available electronic spreadsheet programs

in 1980, calculation of results,
presentation of raw data and results,

Q ghecking of calculations and information
storage were usually separate manual
tasks. This was time consuming, laborious

Q and prone to human error. Spreadsheet
programs provide a quicker, more

: accurate means of data manipulation.

MRL-Tasmania forms the Food Science
Branch of the Protective Chemistry
Division of the Materials Research
D Laboratory, a pant of the Defence Science
and Technology Organisation within the

N Commonwealth Depaniment of Defence.
The laboratory makes extensive use of
elecronic spreadsheets for the cakeulation
of results, collation and presentation of

0 raw and final data, orage of data and
formulae used for calculations,
preparation of presentation graphics and
as a convenient aid to quality assurance.
Spreadsheets have been created for

V: moisture, sakt, protein, fat, energy,
carbohydrate, metals and niacin

‘D dererminations.

D

¢finition
An electronic spreadsheet may be
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defined as an amray of individually
accessible cells which may conuin data,
alphanumeric labels, “macro™ commands
ot formulae. Formulae are constructed
from mathematical operators, constants,
references 10 other cells and built in
functions, including those for scientific
and statistical calculations (1). Data is
entered tia a keyboard or read from a
file created using daia acquxsmon
software.

H istory

In 1980 an electronic spradsheet
program called VisiCalc (Software Arts)
became available for micocompuiters.
The program recreated the accountant’s
spreadsheet on the computer screen. It
had many applications in the stiences,
including chemical calculations.
Imitations followed and one, Supercalc,
developed by Sorcim, met with market
success. This program was cheaper than
VisiCalc and improved on some of its
features.

In 1983 Lotus Development .
Corporation released Lotus 1-2-3 For the
first time the three features, electronic
spreadsheet, business graphics, and |
database management, were combmcd
into one package (2). It was developed
1o run on the IBM PC and other MS-DOS
hardware. Lotus 1-2-3 and its revisions
have continued 10 be very popular,
particularly in large corporations.

State of the an features include
multiple spreadsheets, high resolution
graphics, interfacing with word
processing, impont of automatic data
acquisition files, data base managers and
dynamic daua exchange (DDE). Mulnple
spreadsheets and linking is a
feature being marketed by many software
companies. Lotus 1-2-3 Release 3 (Lotus

Corporation, 1989) allows

]

muktiple
spreadsheets per file, and links between
even if they reside in
differem files (3). Worksheet linking is
one of Quartro Professional’s (Borland,
l”)mhnpmfemnu.l)pm&
worksheets can be consolidated and
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Figure 1 The spreadsheet header should
include information to ensure traceability.

even put on the screen (4).

Most spreadsheeting software will
export files in ASCII format accepiable to
most word processors. PlanPerfect 5.0
(WordPerfect Corporation, 1989) offers
word processor file compatibility and will
impon and export WordPerfect 4.2 and
5.0 files. The ability to read data files
from other software is a feature expected
of spreadsheet packages. 20/20 (Access
Technology, 1989) reads, writes and
consolidates Excel and Lotus 1-2-3 WKS
and WX files into 20/20 and vice versa
®.

Within the Windows environment,
Microsoft's Dynamic Data Exchange
makes it possible to share information
berween spreadsheet and database
applications (6). Once the link has been
made between a spreadsheet and a copy
of that spreadsheet in a2 word processing
document any changes made in the
source spreadsheet will be updated in
the word processing copy. Another
Windows capability, Object Linking and
Embedding (OLE), allows the
spreadsheet to be run from within the
word processing document (7).
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The benefits gained from using
spreadsheets will depend largely on the
sunabnhtyofd\epackagetome

Benefits obtained should at
lusmdudespeedofdaummp\ﬂam
ease of accurate record keeping and
traceability of results. .

Prior 10 the of electronic

spreadsheets data was obrained from i
instrumentation via 8 prinfout or by :
visuslly resding the display. This was
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- generated. The results would be

approved by the laboratory manager, or
his delegate, after checking the figures.
Some laboratories had been able 10
improve their data manipulation and
presentation using cusiom written
softvare or programmable calculators,
but the former was expensive, and
therefore available 10 only the larger
laboratories, and the lanter did linle more
than speed up the calculations.
Spreadsheet programs provide a quick
and accurate means of daa
manipulation. A single kevstroke may be
used to evaluate all formulae; each cell

required.

Spreadsheets also offer benefits in
terms of checking of results and
archiving; these are discussed in the
section on quality assurance.

Automatic daua acquisition sofiware
linked 10 2 spreadsheet eliminates
operator error in reading and entering
data, drawing standard curves and
plotting results. It saves time normmally
spent on these tasks and producing 2
final repon.

The Food Science Section, MRL-
Tasmania, as a National Association of
Testing Authorities (NATA), registered

a title describing the calculations
performed by the spreadsheet.

« Filename; used to record the
spreadsheet data.

*Weighed by; name of the person who
weighed the sample for the analysis or
for a particular parameter of the analysis.
Separate entries must be made for
different parameters if they involve
different people.

«Weighed date; which is the date the
sample was weighed out for the analysis.
Separate entries must be made if more
than one person. or more than one date,
is involved.

"

Figure 2 Three-dimensional graphics are possible with some spreadsheeting packages.

does not need 1o be calculated
Operators without programming
experience can manipulate chemical data
and perform repetitive calculations. Most
modem packages incJude on-line help
and a ttorial, usually based on an
accounting application. Therefore
spreadsheets can be introduced to the

panicular requirements
individual run, is a useful feature. It offers
the user 3 combination of fixed and

laborarory, is required to maintin
accurate analysis records, including
people and dates involved, which can be
traced back 10 the raw data. This can be
effectively achieved by the
implememation of spreadshees quality
assurance proceduies.

Quaug!assurance

Quality assurance of spreadsheets is
panicularly imponant if maximum benefit
is 10 be obxained from this echnology.
This may be achieved by ensuring that a
sundard format is adopted for seting out
spreadsheet information, masier sheets
are protected from overwriing and
spreadsheet puocedures are

checking
followed. MRL-Tasmania’s Laboratory
Quality Manual requires that the
- following information be induded in the
spreadsheet header to provide a clesr
sudi trail (Figure 1):
+ Spreadsheet application name: which is

¢ Cakulated bv; name of the person who
entered the data into the spreadsheet and
undertook the calculations.

« Calculated date; which is the date on
which calculations were done.

s Checked by; name of the person who
checked the accuracy of the entries and
formulae used for the calculations.

» Checked date; which is the date the
check was made.

* Filename for other data; 2 cross
reference must be induded to any other
spreadsheets used (0 provide data for the

which are 10 be used in calculating
resuls should be lined in the header. Log

file used for calculstions. o=

A maner spreadsheet can be st up
whh the necessary formulae which sre
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verified against a manual calculation
before release to operators. Data can
then be entered for statistical and
arithmetical calculations to be performed.
A procedure should be established
whereby alterations to formulae may only
be made with authorisation. Individual
cells can be locked so that formulae
cannot be altered accidentally. In
addition, the integrity of the master
spreadsheet may be safeguarded by
marking it as a “read only” file in MS-
DOS which cannot be accidentally over-
written by saving another spreadsheet in
the same name.

The spreadsheet checking procedure
should involve a person other than the
analyst. Checking spreadsheets consists
of ensuring that the raw data was
accurately entered, the format has not
been changed, all name and date fields
nave been {idied in and formulae are
correct. There is no need to laboriousily
recalculate individual figures. A
procedure which may have taken an
hour can now be completed in five or
ten minutes.

A spreadsheet file may be archived
once all checks have been completed
and the results released. Archiving has
the usual advantages inherent in diskente
storage, namely space saving and ease of
retrieval. NATA requires all data 1o be
retained by the laboratory for five years.
The ability to retrieve files at a later date
and manipulate the data in those files is
of particular value if a critical error or
long term trend is observed.

Data ana  formila entry

The entry of labels, formulae and data
varies amongst the various programs.
Older spreadsheet programs require
labels or text 1o be enclosed in inverted
commas. Formulae need to be identified
to distinguish thein from text and data.
This is usually achieved by an identifying
keystroke, usually 2 mathematical
operator, immediately prior to entering
the formula. Data can usually be entered

. by typing in the figure followed by either

the “enter” key or an amow key; the latter
will simultaneously move the cursor.
Movement about the spreadsheet is
achieved by use of the four arrow keys
and commands which specify particular
loanonsonthesp«udsheet.Mcd\odsof
viewing spreadsheets vary according to
d'iethtyofd)enmi:orandlhe
software.

A macro may be used to autonute
tasks which are performed repetitively. It

causes a set of instructions to be carried
out, The of macros is that time
and effort is saved by using one
command to replace 2 series of
<commands. They may be used to set up
worksheet defaukts in 2 certain way,
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prompt for input, handie errors and othier
applications.

Calculations and grapbics

Before a calculation can be performed the
formula for that calculation must be
entered into the cell in which the result is
10 be displayed. The formula uses labels
to identify cells containing data upon
which the calculation is to be performed.
The calculation process is initiated by a
single keystroke. Formulae may be copied
to a range of cells so that a range of data
points may be calculated without having
to type the formula into each cell. When
using a constant its value should be
entered into a cell and that cell identified
by its location or reference. Absolute cell
referencing is usually used to identify cells
containing constants, because the formula
can then be copied without the constant’s
cell reference changing.

C.zghics functions may be used to
produce histograms, pie charts or graphs
from spreadsheet information. Three
dimensional graphics (Figure 2) are
available with some packages.
Resolution, labelling and the ability to
display error bars are areas where
programs vary in their capabilities and
edach new version offers improvements.

Data acquisition soﬂware
There is a large range of these programs
designed to be run on various -
instruments and interfacing with a range
of spreadsheets. Labtech Notebook
(Laboratory Technologies Corporation,
1984) is a data acquisition software
package which has been designed to
interface with programs such as Lotus
1-2-3 (8). Lotus Measure (Lotus
Development Corporation, 1987) collects
data from instruments and stores the
information directly in 2 Lotus 1-2-3 or
Lotus Symphony spreadsheet for
analysis, storage, and display (9).

Software can be developed for specific
applications. For example, an Apple II
based data acquisition system has been
developed for use with an autcanalyser
used for the chemical analysis of soil,
plant and water samples. The system
provided fully automated data capture,
computer data manipulation, preparation
of printed report sheets and automatic
data storage on magnetic disk (10).

At MRL-Tasmania chromatography data
is acquired using the Nelson 2600
Series Data System
(Nelson Analytical, 1966). This data can
then be converted to a form which can
be read and spreadsheeted by the Ena-
bie System (The Software Group, 1966).

Purc Guidelines

There is tremendous variation in the
range of spreadsheets currentdly available.
Mmmd\drabﬂkytoanym

Program is not necessarily the best fora
panicular application and there is litde
point in purchasing a program which has
capabilities far in excess of those
required.

The decision to purchase must be
based on a realistic confidence in the
ability of the software to perform as
required. When considering the purchase
of a spreadsheet program it is important to
establish selection criteria; firstly to identify
the desirable features and secondly to
ensure that the spreadsheet eventually
purchased will perform as expected.

If there is a need to display three
dimensional data, for example, the
selection criteria should include the
ability to produce 3D graphics. Another
selection criterion should relate to the
compatibility of software and hardware.
This can be checked with the company
marketing the software. Some offer a
demonstratiuu version for a prospective
buyer to evaluate.

Once the required capabilities and
compatability of the package have been
identified a decision must be made on
how much money one is willing to
spend. It is advisable to obtain some
pricing prior to making this decision
unless one is already well informed in
these marers.

Conclusions

Spreadsheets offer significant benefits to
the laboratory and may be introduced
without difficulty. Good quality assurance
of laboratory data and results can be
naintained if the laboratory manager
develops clear guidelines for the creation
of a spreadsheet, maintenance of master
spreadsheets and provision of an audit
trail through recording of source
documentation or files. Careful selection
of a spreadsheet package will ensure

. satisfaction with its performance.
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